In spite of the vast knowledge of tooth development and of the various kinds of specialized bone/ tooth-associated cells, the characteristics and properties oftheir precursor cell populations present in the postnatal organism are little known, as is their possible therapeutic use. Taken together dental pulp stem cells (DPSCs) and periodontal ligament stem cells (PDLSCs) possess stem-cell-like qualities, including self-renewal capability and multi-lineage differentiation. Regenerative medicine is based on stem cells, signals and scaffolds. Transplantation of those cells, which can be obtained from an easily accessible tissue resource and expanded in vitro, holds promise as a therapeutic approach for reconstruction of tissues and bone in vivo.
On the basis of their proliferative capacity, cells are classified as stable, labile and perennial. The labile cells are those in continuous mitotic division, covering the cell cycle from one mitosis to another. Examples of these are the cells of the basal layer of the gingival epithelium. The stable cells are not found in the cell cycle, they are quiescent (resting), but they can enter the cell cycle and divide if stimulated (GO phase of the cell cycle). Examples of these are the cells of the periodontal ligament (PDLCs) and bone cells (BCs) (1-2). The perennial cells, on the other hand, cannot divide themselves as, for example, the cells of the nervous system.
Local factors exist which actively promote the mitotic division of epithelial cells and other labile and stable cell types; the best known is Epidermal Growth Factor (EGF), whose function is that of star-ting cellular migration and differentiation and tissue remodelling, for example: platelet-derived growth factor (PDGF); insulin-like growth factor (IGF-I-2); transforming growth factor beta (TGF-~). Stem cells have been identified in several somatic tissues, including the nervous system, bone marrow, epidermis, skeletal muscle and the liver. This "set-aside" population of cells is believed to be responsible for maintaining homeostasis within individual tissues in adult animals (3) (4) (5) (6) (7) . Different somatic cells SCs share the properties of self renewal and multi-developmental potential, suggesting the presence of common cellular machinery. Therefore, the identification and isolation of a population of progenitor odontogenic/ osteogenic cells deriving from the dental pulp tissue obtained from adults (DPSCs), human exfoliated deciduous teeth (SHEDs) and periodontal ligament (PDLSCs) is still at a pioneering stage (8-9).
It is well known that, in particular circumstances, cellular cultures obtained from dental pulp (DPCs) (9) and periodontal ligament (PDLCs) (10) have characteristics normally attributable to cultures obtained from bone marrow samples (BMSCs) ( Fig. I) 
The literature is not without data on the characteristics of multipotential stromal cells deriving from bone marrow (BMSCs) and their potential development into osteoblasts, chondrocytes, adipocytes and perhaps even into muscle and neural tissues (12) (13) (14) (15) (16) (17) ; they are also characterized by their high proliferative capacity ex vivo and differentiation in multiple lines of cells according to the micro-environmental conditions in which they are cultivated. By analogy, it is possible to speculate that tissues taken from DPCs, from exfoliated deciduous teeth (EDCs) and from PDLCs contain a population of multi potential formative cells. International research is still working on the creation of clonogenic, highly proliferating cell lines deriving from pulp tissue from adult (DP-SCs) deciduous teeth (SHEDs) or from periodontal ligament (PDLSCs) through enzymatic digestion and culture in the field of selective single-layered cell lines (18) (19) (20) (21) (22) (23) .
Among the dental elements useful for setting up cellular lines, impacted third molars, obtained from clinically necessary extractions, are used ( Fig. 2) , collected from adult patients (less than 29 year old) or from children (Sheds collected from exfoliated incisors), following good clinical practice on human subjects according to the NIH guidelines.
Cell culture
As described by Kramer et al (24) , extracted teeth were rinsed 3 times in phosphate-buffered saline (PBS) containing penicillin and streptomycin and then once in minimal essential medium. According to Gronthos et al. (9) pulp tissue (PT), after cutting around the cementum-enamel junction to reveal the pulp chamber ( Fig. 3 ), PT and/or PL are gently separated from the surface of the root; in addition, for PL, the extracted tooth is clamped on the crown of the tooth, with the apical side facing up to avoid any contamination with gingival epithelial cells. Using a low-speed hand drill and a diamond disk, irrigated with PBS, it is possible to remove a section from the extracted tooth at a depth of -0.5 mm. This is done under aseptic conditions. PT and/or PL is then digested in a solution of 3 mg/mL collagenase type I (Worthington Biochem, Freehold, NJ, USA) and 4 mg/mL dispase (Roche, Mannheim, Germany) for I h at 37°C. To obtain single-cell suspensions it is necessary to pass the cells deriving from PT and PL samples through a 70 urn strainer (Falcon, BD Labware, Franklin Lakes, NJ, USA).To identify putative stem cells, single-cell suspensions are seeded into 10 cm culture dishes (Costar, Cambridge, MA, USA) with alpha modification of Eagle's medium (GIBCO BRL, Grand Island, NY, USA) supplemented with 15% fetal calf serum (Equitech-Bio Inc, Kerrville, TX, USA), I00 umol/L ascorbic acid 2-phosphate (WAKO, Tokyo,Japan), 2 mmol/L glutamine, 100 U/mL penicillin and 100 ug/ml, streptomycin (Biofluids, Rockville, MD, USA), and then incubated at 37°C in 5% carbon dioxide (8, [25] [26] [27] . The efficiency of colony forming unit-fibroblast (CFU-F) was evaluated daily.
It is noted in literature that the osteoprogenitor cells can be isolated by aspiration of bone marrow on the iliac crest (28); thanks to their capacity of adhering to a plastic substrate, and through suitable stimulation, they begin to proliferate (after 15 days); each colony derives from a single progenitor cell; the presence of a clonogenic population deriving from the cells present in the pulp ( Fig. 4 ) and peridontal tissue is shown.(8-9)
Phenotypic Characterization
To assess colony-forming efficiency, day 10 cultures are fixed with 4% formalin, and then stained with O: I% toluidine blue. Aggregates of 50 or more cells are scored as colonies. It is possible to assess the proliferation rate of sub-confluent cultures (first passage) of SCs by bromodeoxyuridine incorporation for 24 h, with a Zymed Laboratories BrdU staining kit (Vector Laboratories,Buriingame, CA, USA).
Immunohistochemistry studies are necessary to characterize the progeny of clonogenic populations of SHEDs, DPSCs and PDLSCs. Antigen-specific kit known for the antibodies, connected to different cell surface phenotypes associated with multi-potent adult stem cells, STRO-I (pre-osteogenic stem cell marker) CD44 (present in extra-cellular matrix), Collagen I, III (promoters of in vivo osteobalstic differentiation) MUC-18 (CD 146 von Willebrand factor), Integrin PI, Alkaline Phosphatase (ALP), Osteocalcin (OSTC), Osteopontin (OSTP) and Fibroblast growth factor-2 (FGF-2), (8).
Differentiation
Even if their localization in situ is quite different, DPSCs, SHEDs, PLSCs and BMSCs have many characteristics in common. Isolated in this way, the cells can be cultivated by osteo-inductive culture (29) (30) (31) (32) (33) (34) (35) that can be induced to differentiate in osteogenic pathways by several growth factors, of which BMP-2, for about 4 to 8 weeks. RhBMP-2 is a highly potent osteo-inductive protein that induces bone formation in vivo (36) and osteogenic differentiation in vitro (37) (38) (39) (40) (41) (42) . Expression of recombinant human bone morphogenetic protein-2 (RhBMP-2) in SCs can induce differentiation of osteoblastic and chondroblastic cells (43) . Decreased proliferation is coupled with increased apoptosis in SCs cultures.
Recently, it was demonstrated that angiogenesis plays a crucial role during enchondralbone formation (44) (45) (46) . Angiogenesis promotes cartilage remodeling and its transformation into bone (44) . Moreover, there is some evidence correlating activity of members of the TGF-P superfamily, such as GDF-5, to angiogenesis (48) (49) and that Smad5, a signal transduction molecule of BMP-2, is also involved in angiogenesis (47) .Calcium accumulation is induced (4) and detected by staining with 2% alizarin red S (pH 4,2). Calcium concentration is measured with a Sigma calcium kit 587-A (Sigma Diagnostics, St Louis, MO, USA).
The population obtained can thus be submitted to characterization for osteoblastic phenotype; in particular, the expression ALP, OSTC, IGF, core-binding factor, runt domain, a subunit I (CBFAI), Osteonectin (OSTN), OSTP, collagen, endogenous TGF-p and its receptors, as well as SMAD3 and SMAD9 and the capacity to form mineralized nodules in the presence of p-glycerol phosphate can be evaluated.
To investigate the potential of SCs to undergo osteoblastic differentiation, cultures are supplemented with L-ascorbate-2-phosphate, dexamethasone and inorganic phosphate to induce mineralization in vitro (9); using laser confocal microscopy with software, it is possible to appreciate cell growth, adhesion and morphology.
Transplantation carrier vehicle
Previously, we pointed out that the human bone can be regenerated after xenogeneic transplant of BMSCs, and with the phosphate of tricalcic/ hydroxiapatite (HA/tcp) as vector (12) . The possibility has been hypothesized that human isolated DPSCs, SHEDs and PLSCs ex vivo would be able to regenerate the dentinlbone-similar structure in vivo. The regulators of bone formation such as TGF-P Bmp-2 and Bmp-4 are implied as promoters ofthe development of odontoblasts (47) . ALP expression exhibited a higher level in odontoblastic cytodifferentiation: also an increase of non-collagenous proteins (NCPs) plays an important role in dentin mineralization.
Today, alloplastic materials can be used with good results, not only within pre-prosthetic limits, but also before implant. Among the materials available commercially, HA, functionally gradient by calcium phosphate (tcp) which by nature makes up 60-70% ofthe bone and 98% of the enamel, seems to have the ideal characteristics for this purpose; in fact, HA is a bio-inert material , that is, it binds chemically to the bone without provoking inflammatory and/or toxic reactions and has osteoinductive capacity since it acts as a matrix for the migration of osteogenic cells to its interior (51) . HA is a biointegrated material that can be absorbed from the outside and the inside and completely replaced by new bone (52); in patients with serious alveolar atrophy, who refuse an important surgical operation of reconstruction with autologous bone or who do not wish for a rehabilitation with implants, the use of pre-formed blocks of granular HA, vehicled by reabsorbable substances (PDS , glycerol etc.), that in about 4 weeks are substituted by the connective tissue of the organism, represents a valid solution. Furthermore, the concepts of a SCs/HA scaffold, with both small and large pores and early implantation of the seeded construct to ensure bone formation and vascularization throughout, are very promising.
CONCLUSIONS
During tooth formation , the interaction between epithelial and mesenchymal cells of dental papilla promotes tooth morphogenesis, stimulating a subpopulation of mesenchymal cells to differentiate into odontoblasts which, in turn, form the primary denti-ne (50) . Odontoblasts are thought to derive from the proliferation and differentiation of a population of precursor cells, resident within the pulp tissue and periodontal Iigament.( I0). A remarkable scientific and clinical interest, notwithstanding ample public debate on its ethical, social and legal implications, continues to surround the study of SCs. These cells , capable of auto-renewal in culture and not specialized to perform a unique and definite function within the organism, represent the natural cytological source from which all body tissues are formed during growth, and through which the same tissues can renew themselves in certain physiological and pathological conditions, substituting cells which are no longer functional. The haematopoietic process is supported by two main cellular components: haem atopoietic stem cells (HSCs) and the progenitors of mesenchymal cells (MPCs). The latter are different from the typical haematopoietic stromal cells ; they are multipotential and act as precursors for the stromal cells of bone marrow, bone , cartilage, muscles and connective tissue (53) . Numerous studies of SCs show, with increasing experimental proof: the extraordinary intragerminal plasticity of those cells (differential pluripotentiality towards cellular lines of the same germinal membrane); their unsuspected capacity of inter-germinal transdifferentiation (derivation of cellular lines belonging to different germinal membranes); the possibility of cultivating them in vitro and in vivo, expanding and also modifying them genetically (insertion of a gene by a viral Fig. 3 . Pulp tissue(PT), after cutting around the cementum-enamel junction to reveal the pulp chamber. Fig. 4 . Presence of a clonogenic population deriving from the cells present in the pulp; thanks to their capacity of adhering to a plastic substrate and through suitable stimulation, they begin to proliferate (the picture shows confluence after 15 days); each colony derives from a single progenitor cell. The efficiency of the colony forming unit-jibroblast (CFU-F) is evaluated daily. vector); and, finally, their disposition to graft into the damaged tissues of an organ. Some of these most recent results can be found in literature, confirming the epigenetic competitiveness of SCs from adult tissues (ATSCs) as compared with those from human embryonal tissues (HESCs), and their valid candidature for cellular therapy (autologous and heterologous transplants) and somatic gene therapy.
Another important goal is the identification of a novel protein, nucleostemin, found in the nucleoli of the central nervous system (CNS), HESCs and several cancer cell lines, and preferentially expressed by other stem cell-enriched population motifs. When SCs differentiate, nucleostemin expression decreases rapidly prior to cell-cycle exit both in vitro and in vivo (45) . It is important to remember that HESCs are typically cultured with animal-derived "serum replacements" on mouse feeder layers. But it was recently discovered that both ofthese layers are sources ofthe nonhuman sialic acid Neu5Gc, against which many humans have circulating antibodies (54) . HESCs and derived embryoid bodies metabolically incorporate substantial amounts of Neu5Gc under standard culture conditions.
Complete elimination ofNeu5Gc would be likely to require using human serum with human feeder layers, ideally starting with fresh HESCs that have never been exposed to animal products. (54) .
Dentistry, and in particular, periodontology are medical sectors where the techniques oftissue regeneration find ample clinical application. Stem cells are capable of repairing the organism's tissues and will soon be able to represent the "promised land" of Medicine. In humans, the ATSCs maintain the functions of a tissue (homeostasis) constant, guaranteeing the physiological cellular exchange and, in some cases, even substituting the cells that die due to trauma or disease. The adult tissues in which the presence of stem cells has been shown include: bone marrow, peripheral blood, brain, spinal cord, blood vessels, skeletal muscles, epithelia of the epidermis and digestive system, cornea, retina, liver, pancreas, dental pulp and periodontal ligament. These last two are the most promising as far as dental research is concerned; in fact, we find in them a significant amount of mesenchymal stem cells or cells of the mesenchymal compartment, able to differentiate themselves in various cellular types of connective tissue.
Consequently, there is great potential for the isolation of DPSCs, SHEDs and PLSCs from a single dental element and from the periodontal ligament that can be used for bone regeneration, creating real possibilities in a not too distant future. 
